Introduction 38
The environment can have a profound and complex influence on aquatic organisms and their 39 population dynamics (e.g., Szuwalski et al. 2015) . Understanding when and how the 40 environment influences the survival, abundance, and recruitment of fishes and other aquatic 41 organisms has long fascinated and perplexed fish and fisheries scientists and managers (Hjort al. 1994) . Where published analyses found statistical evidence for a split or step change in 1987 188 (using a dummy variable), we chose to reanalyze the relationship using only data after this cut-189 off both to simplify the analyses and because prior data could be considered irrelevant for 190 interpreting how relationships have changed in the context of additional data. 191 For each relationship, we quantified the strength (R 2 ; correlation coefficient) and magnitude Prediction error was estimated as the normalized root mean squared prediction error (CV n ):
where h i is the diagonal element of the operator matrix that produces the least squares fit (i.e.,
201
hat matrix). This measure of prediction error can be interpreted as the percent error in future 202 predictions relative to the average observed abundance for a given relationship. For example, a 203 prediction error of 100% would mean that the relationship allows us to predict future abundances 204 to within +/-50% of the mean predicted abundance.
205
We compared the raw data, parameters, and fit of relationships using the original time series to 206 those reported in the original publications to ensure that our approach successfully replicated the 207 previously published relationships before proceeding to retesting. Instances where we were not 208 able to reproduce past relationships were not further considered (detailed in Table 1 ).
209
Our retests of environment-recruitment relationships using data that has accumulated since a 210 relationship was first established has the potential to be biased by an imbalance in the number of 211 pre-to post-retest observations. In instances where there are many (e.g., 30) years of pre-retest 212 observations and only a few (e.g., 10) post-retest observations it is possible that the pre-retest 213 observations obscure what is otherwise a weakening or different relationship in the post-retest 214 observations. To quantify the extent to which this was the case with the relationships we retested, 215 we carried out a secondary analysis where we randomly sub-sampled the pre-retest data so that 216 there was an equal number of pre-and post-retest data points, and then, as above with the full 217 time series, quantified the strength and magnitude of the relationship based on the subsetted data.
218
We repeated this exercise 1000 times for each relationship, and then compared the median 219 strength and magnitude of the relationship based on the original (subsetted) and updated time 220 series.
221
All analyses were carried out in the R statistical software suite (R Core Team 2017), and we 222 provide the source code, and data, for our analyses in the Supplementary Online Materials. (Table 1) . The publications originally reporting these relationships varied widely in 264 the details provided on methodology, and it was often difficult to determine how the 265 environmental variables were derived or what the source of the data was that was used to derive 266 them. We were unable to complete re-analyses for 8 of these 31 relationships due to an inability 267 to re-create the input variables using the methodology described by the authors or because of 268 errors or missing information in the original publications, leaving 23 relationships (17 univariate 269 and 6 multivariate) from 8 publications which were fully re-analyzed using the most recent 270 available data (between 9 and 40 additional years, median 9 years).
271
When updated data were used to retest previously published relationships, the direction and 272 statistical significance of the relationships remained the same (Figure 4 ; Table 1 ). Of the 273 univariate relationships, 9 of 17 became stronger (i.e., either more negative or positive depending 274 on the original relationship), 3 of 17 became weaker and 5 of 17 remained nearly identical. These 275 general patterns remained the same for the multivariate relationships (Table 1) and when the dataset used to retest relationships was balanced to achieve an equal number of original and 277 updated data points ( Figure 4 ; Table 1 ).
278
In some instances, the addition of more years of data resulted in more variation in the 279 relationship being explained (i.e., higher R 2 ; Figure 5A, B) . However, on average considering 280 more recent data did not increase the estimated strength of the relationships, and in some cases 281 reduced it ( Figure 5A ). For example, relationships between striped bass abundance and flow saw 282 substantial declines in R 2 with the addition of more years of data, despite the fact the magnitude 283 of the relationship remained nearly identical (Figure 4) . This occurred because the overall 284 abundance of striped bass declined between the original time series and the updated one, which 285 has been attributed to introduction of the Asian clam in 1987, but abundance still increased with 286 increases in flow during both periods ( Figure S1 ).
287
In most cases, considering more years of data did not improve the predictive power of the 288 environment-recruitment relationships. Instead, counterintuitively, the prediction error of each 289 relationship typically increased with the addition of more years of data ( Figure 5C, D) . The 290 median percent increase in prediction error across the relationships retested was 30%. As with 291 the variation explained, these changes were most pronounced for relationships between striped 292 bass abundance and flow. characteristics and were biased towards species that are either currently or historically listed as making, but only one in five relationships have been retested to quantify the extent to which they Tables   Table 1: Table 1 ).
Prediction error (see equation 1) is the percent error in future predictions relative to the average observed abundance for a given relationship. For example, a prediction error of 50% would mean that the relationship is expected to predict future abundances within +/-25% of the mean 
